PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) international Patent Classification 6 : 
H04B 7/26 



Al 



(11) International Publication Number: WO 97/42720 

(43) International Publication Date: 13 November 1997 (13.1 1.97) 



(21) International Application Number: PCI7SE97/00739 

(22) International Filing Date: 2 May 1997 (02.05.97) 



(30) Priority Data: 

9601774-4 



9 May 1996 (09.05.96) 



SE 



(71) Applicant (for all designated States except US): LG PROD- 

UCTS AB [SE/SE]; P.O. Box 1 178, S-171 23 Soma (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ANDREASSON, Krister 
[SE/SE1; Rctnminggatan 91, S-112 45 Stockholm (SE). 
GHASEMZADEH. Farshid [SE/SE]; Nhlarosgatan 24, S- 
164 34 Kista (SE). JONSSON, Bo [SE/SE]; Primulavagcn 
3, S-181 81 Lidingo (SE). NYSTROM, Mattias [SE/SE]; 
. Vastmannagatan 49, S-l 13 25 Stockholm (SE). 

(74) Agents: GRENNBERG, Benil et al.; H. Albihns Patentbyra 
AB. P.O. Bo* 3137. S-103 62 Stockholm (SE). 



(81) Designated States: AL. AM, AT, AU. AZ, BA. BB. BG, BR, 
BY, CA, CH; CN. CU, CZ, DE, DK, EE. ES, FI, GB, GE, 
GHi HU. IL, IS. JP, KE, KG, KP, KR, KZ, LC, LK, LR. 
LS, LT. LU. LV, MD. MG,.MK, MN. MW, MX, NO. NZ, 
PL, PT. RO. RU, SD, SE, SG. SI SK, TJ, TM. TR, TT, 
UA, UG, US, UZ. VN. YU, ARIPO patent (GH, KE, LS, 
MW. SD, SZ. UG), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD. RU. TJ, TM), European patent (AT, BE, CH, DE, DK, 
ES, FL FR. GB. GR, IE. IT, LU, MC. NL, PT, SE). OAPI 
patent (BF. BJ, CF, CG. CI. CM, GA. GN. ML, MR, NE, 
SN, TD. TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Swedish). 



(54) Title: CHANNEL-SELECTIVE REPEATER FOR MOBILE ^TELEPHONY 
(57) Abstract 



In a channel-selective repeater, 
signals are received from the receiver 
antennas in order to be selected and 
amplified in each of their own fre- 
quency channels. According to the in- 
vention, the amplified signals are led 
from the power amplifier (PA) of the 
channels via isolators and niters to 
each of their own antennas in an an- 
tenna arrangement. Preferably, the an- 
tennas are patch-antennas and the am- 
plifiers built and connected via mi- 
crostrip technology. 
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Channel-selective repeater for mobile telephony 

The invention relates to a channel-selective repeater for mobile telephony in 
accordance with the preamble of claim 1. 

5 

In cellular mobile telephone systems there are necessarily regions present within the 
cells with such poor receiving conditions in relation to their base stations that one 
must speak about a radio shadow. This can concern underground large parking 
garages or the like, but also obstacles of a natural type, buildings etc., where the use 
10 of a repeater would be the natural way to fit the region into its natural cell. 

Figure I shows a block diagram of such a known channel-selective repeater which 
in such a diagram is represented as being symmetrical, and wherein after the respec- 
tive low-noise amplifiers LNA, damping circuits ATT and distributors PD only one 

15 channel circuit is drawn, terminating with a power amplifier PA and an isolator 

circuit, the output of which is connected to a combiner PC, which adds the different 
transmitter signals for transmission via a duplex filter via the antenna. The same 
duplex filter picks up the transmitter signals to the other branch in the diagram. 
In Figure 2 it is shown how the different channels, four here, through the final 

20 amplifier outputs are led to the combiner, here comprising the isolation circuits. 

The reason for arranging channel separation for processing in the repeater is that 
there are extremely high requirements for linearity in order to avoid interference in 
the form of intermodulation products which mobile telephone systems are extremely 
25 sensitive to. 

At the same time the same requirement for linearity means that known combiners 
in order to fulfill the requirements cannot have a high efficiency - one can count on 
7 dB losses (theoretically at least 6 dB) for a combiner. In addition there are filter 
30 losses of around 0.5 dB and cable losses of 2.5 dB between the final amplifier/in the 
respective cable and antenna. The output power P from the antenna in that connec- 
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tion requires the out-put power 10 P from the final amplifier. This increases the cost 
for the amplifier and the power supply, and furthermore a special cost arises for 
cooling away the waste power. 

It is therefore an object of the invention to provide a more economical and advan- 
tageous channel-selective repeater for mobile telephony. 

This and other objects are achieved according to the invention by elaborating a 
channel-selective repeater of the type mentioned in the introduction in accordance 
with the features which are stated in the characterizing part of claim 1. 

A particularly advantageous constructive embodiment of the invention is obtained if 
the transmitting antennas are designed as patch antennas. This also permits an inte- 
grated design. 

Advantageous embodiments are clear from the subclaims. 

For a closer explanation of the idea of patch-antennas reference is made to the docu- 
ment of James & Hall: Microstrip Antenna Theory and Design (1981), which here- 
with is declared to be incorporated by reference in the present, description. 

The invention will now be more closely explained in connection with an embodi- 
ment and the Figures. Figure L already described, shows a block diagram of a 
known channel-selective repeater. Figure 2, also described earlier, shows in more 
detail the combination of the output signals from the separate channels. Figure 3 
shows in the form of a block diagram an antenna connection according to the prin- 
ciples of the invention. Figure 4 shows an antenna system according to a preferred 
embodiment of the invention. Figure 5 shows a way of increasing the isolation 
between the antennas. Figure 6 illustrates another method for separating the 
channels. 
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In accordance with the invention the combiner in a repeater is eliminated at least 
on the side which is directed towards the region of radio shadow, which transmits 
towards the mobile stations. For the side which are directed towards a base station 
it is sometimes possible to use directional antennas with such antenna amplification 
5 that only small quantities of power are required so that the disadvantages of a com- 
biner become less. On the other side, a construction of one antenna per transmitting 
channel and a common receiver antenna could be suitable for both ends of a divided 
repeater. 



1 0 Figure 3 shows how the different channels after separation and filtering (in BP in 
Figure 1 resp. MF in Figure 3) are amplified in each of their amplifiers PA. After 
passing through an isolator and a bandpass filter the signals each go to their own 
antenna. 



15 The combination of the transmitter powers for the different channels thus takes 
place according to the invention in the air, and one thereby avoids non-linear 
elements as in the air no intermodulation occurs. 

According to a preferred embodiment a plate with patch antennas is used as an 
20 antenna arrangement, one for receiving M and a number of transmitter antennas S 
corresponding to the number of channels. An example is evident from Figure 4, 
where the patch antennas, rectangular metal plates, are mounted on a plate with 
good high-frequency characteristics. Their width is approximately half the wave 
length, their length somewhat greater. The emissions are approximately dipole-like 
25 and polarizecl. The feeding takes place from the rear side whereby the choice of 
connection points determines the adjustment. Suitably the filters, amplifiers, 
isolators, etc. are arranged behind the plate, preferably to a large part in microstrip 
technique or the like, and the plate is completed on the underside with a protective 
casing. 
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This embodiment permits a much easier and more flexible installation than known 
repeaters. 

A precondition for a good functioning of the invention is that the isolation between 
the antennas is sufficiently good. It can in this case be suitable, with patch-antennas, 
to let the transmitter antennas have a mutual distance of half the wave length (in air) 
or more. 

It is possible, not only with patch-antennas, if such would be necessary, to have a 
further improvement by damping and phase rotating according to Figure 5. If an 
antenna receives a weak signal from the other via the air, then this can be compen- 
sated for with a 180 degrees phase-displaced signal with the same amount. 

It is also possible to avoid mutual influence through arranging the transmitter 
antennas with different polarisation directions. An example thereof with patch- 
antennas is shown in Figure 6, where the patch-antennas S are lengthened in four 
different directions. Through feeding the patch-antennas from different sides the 
different polarisation directions can also be achieved. 

Through the invention an economical repeater is obtained which can be given a 
. higher output power and thereby greater area of coverage. The current consumption 
. can be reduced, likewise the requirements for cooling. Higher MTBF and higher 

linearity can be guaranteed. 
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Claims 

1 . Channel-selective repeater for mobile telephony, with a first antenna arrangement 
for placing within communication range of a base station and a second antenna 
airangemenrfor transmitting/receiving in an area difficult to reach from the base 
station, which antenna arrangements both are intended for both transmitting and 
receiving, whereby a signal received by an antenna arrangement is divided into its 
individual frequency selective channel in order to, after being amplified, be trans- 
mitted, signals received by the first antenna arrangement via the second antenna 
arrangement and vice versa, characterized in that at least the signals transmitted 
via the second antenna arrangement are led amplified thereby from their respective 
selective channels to their own separate transmitter antenna and combined in the air. 

2. Channel-selective repeater according to Claim K characterized in that both the 
first and the second antenna arrangements have the same number of transmitter 
antennas as selective channels. 

3. Channel-selective repeater according to Claim I or 2, characterized in that the 
separate transmitter antennas are patch-antennas. 

4. Channel-selective repeater according to Claim 3, characterized in that the 
» separate transmitter antennas are mounted on a common plate together with a 

receiver antenna. 

5. Channel-selective repeater according to Claim 4. characterized in that the plate 
is a laminate with good high-frequency characteristics and that behind the plate are 
mounted amplifier circuits belonging to the antennas, the output conductors of 
which via isolator circuits are drawn through the laminate to the respective patch- 
antennas and joined at points thereof which correspond to the output-adapted 
resistance of the respective circuits. 
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6. Channel-selective repeater according to any of the previous claims, 
characterized in that between pairs of transmitter antennas are arranged networks 
with a 180° phase shifter and a damping circuit in series, in order to eliminate the 
influence of interaction. 

7. Channel-selective repeater according to any of Claim 4 or 5, characterized in 
that the transmitter antennas are mounted with their polarisation directions mutually 
rotatingly displaced in order to eliminate the influence of interaction. 
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